Acetyl-CoA carboxylase (EC 6.4.1.2) catalyses the ATPdependent formation of malonyl-CoA from acetyl-CoA and bicarbonate. The reaction is the first committed step in the biosynthesis of fatty acids, providing the essential substrate for fatty acid synthetase.
Plant acetyl-CoA carboxylase has been primarily isolated from leaf and seed tissue. In leaves, fatty acid biosynthesis is exclusively located in the chloroplasts (Ohlrogge et al., 1979) and consistent with this finding, acetyl-CoA carboxylase is also localized in the chloroplasts (Kannagara & Jensen, 1975; Mohan & Kekwick, 1980; Nikolau et al., 1981; Thompson & Zalick, 1981) . Levels of leaf acetyl-CoA carboxylase activity are low in the dark but enzyme activity is stimulated by illumination (Nakamura & Yamada, 1979) . In the seed, during maturation the levels of acetyl-CoA carboxylase markedly Abbreviations used: BCCP, biotin carboxyl carrier protein; PMSF, phenylmethanesulphonyl fluoride.
VOl. 14 increase just before the onset of major lipid accumulation (Turnham & Northcote, 1983) . This induction of seed enzyme activity indicates that acetyl-CoA carboxylase could have a critical regulatory role in the oil accumulation of commercial seed crops.
Plant acetyl-CoA carboxylase, like its counterpart in animal and bacterial systems, catalyses a two step reaction:
In bacteria the enzyme is composed of three different polypetide chains, biotin carboxylase, biotin carboxyl carrier protein (BCCP) and transcarboxylase (Wood & Barden, 1977) . In yeast and animals all three functional domains are present on one polypeptide chain (Hardie & Cohen, 1978 , Mishina et al., 1980 .
In this report we consider: (a) molecular organization tissue have not yielded uniform results. Acetyl-CoA carboxylase has been purified from various plant sources: Barley (Brock & Kannargara, 1976) , spinach (Stumpf, 1980) , maize (Nikolau & Hawke, 1984) , avocado (Mohan & Kekwick, 1980) , 1985) . The polypeptide structure of the enzyme from these sources has been investigated and is summarized in Table 1 .
Transcarboxylase
We have attempted to resolve the problem of the subunit composition by isolating acetyl-CoA carboxylase from oilseed ra and maize, using both conrecent development of monovalent avidin affinity chromatography. Initially, acetyl-CoA carboxylase was isolated from maturing seed of oilseed rape (Brassica napus) using ion-exchange chromatography and Blue Sepharose affinity chromatography. Analysis of the final preparation by SDS/polyacrylamide-gel electrophoresis demonstrated that the preparation was homogeneous with a molecular mass of 55 000 Da. Although the final preparation was homogeneous we considered the preparation must be a proteolytically degraded form of the enzyme because we could detect no biotin-containing band after Western blotting with '*'I-avidin. This hypothesis was further supported by the observations of Turnham & Northcote (1983) , who reported the appearance and disappearance of a 220000 Da avidin-binding protein which correlated with the increased levels of acetyl-CoA carboxylase activity in developing rape seed.
Monovalent avidin-Sepharose has been successfully used in the rapid purification of animal acetyl-CoA carboxylase (Beaty & Lane, 1982; Rainwater & Kolattukudy, 1982) and recently used for the isolation of a high molecular mass form of the enzyme from parsley (Egin-Buhler & Ebel, 1983). We have now isolated acetyl-CoA carboxylase from maturing rape seed using monovalent avidin-Sepharose after an initial ammonium sulphate fractionation (Slabas & Hellyer, 1985) . Biologically active enzyme was eluted off the column with biotinsaturated buffer. The final preparation on SDS analysis consisted of two dominant bands at 220000 and 55 000 Da (Fig. 1, lane A) . Acetyl-CoA carboxylase was purified to homgeneity by additional Blue Sepharose affinity chromatography and was shown to be the 220 000 Da band (Fig. 1, lane B) .
Using essentially the same purification protocol we have also been able to isolate a 220 000 Da protein from oilseed rape leaf tissue and two high molecular mass bands at 220 000 Da and approximately 100 000 Da from maize leaf tissue. In our experience, intact plant acetylCoA carboxylase from both seed and leaf tissue is composed of high molecular mass subunits of approximately I986 ventional chromatograp l 7 y techniques and the more 616th MEETING, LONDON 220 000 Da, all three catalytic domains being present on one polypeptide chain.
(b) Acetyl-CoA carboxylase from some plant tissues is particularly prone to proteolysis and this could account for the reported discrepancies in subunit structure. Preparation of wheatgerm acetyl-CoA carboxylase in the early literature contained a range of various polypeptides of which the highest molecular mass was 135000Da (Nielsen et al., 1979) . The subsequent modification of the procedure which included the protease inhibitor phenylmethanesulphonyl fluoride (PMSF) in all the buffers resulted in a preparation of a high molecular mass (240000 Da) polypeptide (Egin-Buhler et al., 1979) .
Similarly, we have found that proteolysis is a major problem in the isolation of acetyl-CoA carboxylase from oilseed rape. Using conventional chromatography techniques, the inclusion of PMSF in all buffers was insufficient to prevent proteolysis and a low molecular mass subunit (55 000 Ca) was isolated. In our experience, to isolate the intact high molecular mass form of the enzyme, the isolation procedure must be rapid. The use of monovalent avidin-Sepharose has enabled us to dramatically shorten the isolation procedure from 3 days, when using conventional chromatography, to 9 h.
However, in the case of oilseed rape we have found that despite the rapid isolation using monovalent avidinSepharose and the inclusion of PMSF in all buffers proteolysis can still be a problem. For the successful isolation of the high molecular mass polypeptide form, it is important to initially homogenize rape seed at high dilution (lg of seed/20ml of buffer). The inclusion of 0.5% Triton X-100 in the homogenization buffer is necessary to solubilize the enzyme from seed material. All buffers throughout the isolation included 20% glycerol, as well as PMSF, which prevents the rapid loss of biological activity, a problem previously reported by Turnham & Northcote (1983) .
(c) Acetyl-CoA carboxylase is a biotin-containing enzyme. It is possible to detect biotin-containing proteins by Western blotting with 12' I-avidin. Complex protein mixtures are first resolved on an SDS/polyacrylamide gel and then immobilized on to nitrocellulose paper. Biotincontaining bands are detected by probing with 12' I-avidin and exposing the paper to X-ray film (Nikolau et al., 1985) .
In our experience with crude wheatgerm extracts, a 240 OOO Da biotin-containing protein is present after Western blotting using I"'-avidin but with crude rape seed extracts the highest biotin-containing band detected was approximately 80 000 Da molecular mass. However, when rape seed acetyl-CoA carboxylase was purified a 220 000 Da biotin-containing protein was detected by Western blotting. It is known that the transfer of high molecular mass proteins on to nitrocelluose paper is less efficient than for low molecular mass proteins. We have found that the absence of high molecular mass biotincontaining bands in crude extracts after Western blotting with '''1 avidin does not necessarily mean that the higher molecular mass proteins are not present. In crude preparations, acetyl-CoA carboxylase is present in relatively low abundance as a percentage of the total protein loaded on to the SDS/polyacrylamide gel, and when coupled to the poor transfer of high molecular mass proteins results in the protein remaining undetected by probing with 12' I-avidin even when the radioautogram is exposed for a considerable length of time. However, when acetyl-CoA carboxylase is purified, the 220 000 Da protein is a major component and despite poor transfer can be easily detected.
(d) To date little is known about the regulation of fatty Vol. 14 acid biosynthesis in higher plants and in particular whether acetyl-CoA carboxylase has a regulatory role as the rate-limiting step. In animals, acetyl-CoA carboxylase is activated by citrate (Numa et al., 1965) as well as being regulated by a phosphorylation/dephosphorylation cycle (Carlson & Kim, 1974) . There is no evidence that such regulation mechanisms occur for plant acetylCoA carboxylase. In wheatgerm (Eastwell & Stumpf, 1983) , it has been shown that acetyl-CoA carboxylase can be cotrolled in vitro by the ratio of adenylate nucleotides. A similar situation could occur in vivo and be an effective means of regulating fatty acid biosynthesis in relation to the availability of energy resources. Crude wheatgerm preparations preincubated with ATP resulted in an inhibition of acetyl-CoA carboxylase activity. This inhibition could be readily reversed by gel filtration and therefore it appears that ATP did not promote a covalent modification such as phosphorylation-inactivation, as demonstrated in the animal system. However, crude wheatgerm preparations do contain high levels of ATPase and adenylate kinase activities. High levels of ATPase and adenylate kinase activites would result in the breakdown of ATP with the formation of ADP and AMP, potent competitive inhibitors of acetyl-CoA carboxylase activity. This inhibitory action of ADP and AMP, coupled to the ATP requirement of the reaction, would make acetyl-CoA carboxylase very dependent on the energy charge of the cell. In chloroplasts, the level of acetyl-CoA carboxylase activity is light-dependent. In the light ATP levels are high due to the regeneration of ATP by photophosphorylation and acetyl-CoA carboxylase activity is high. In the dark, levels of ATP are at a minimum and acetyl-CoA carboxylase levels are low. Light-dependent energy changes could be modulating enzyme activity.
This suggestion is supported by work on maize leaf acetyl-CoA carboxylase (Nikolau & Hawke, 1984) . On illumination, levels of ATP and Mg2+ concentration increase, while levels of ADP decrease. Stromal pH changes from 7.1 in the dark to 8.0 in the light. From kinetic results, these illumination-induced changes in ATP, ADP and Mgz+ concentration would each cause a two-fold increase in acetyl-CoA carboxylase activity. Change in pH would cause a further three-fold activation, the combined effects being a 24-fold increase in acetyl-CoA carboxylase activity. Similarly it has been found that the effect of illumination on fatty acid biosynthesis and acetate activation within spinach chloroplasts (Nakamura & Yamada, 1979; Sauer & Heise, 1983 ) is mediated by ATP/ADP ratios, pH and M g + concentration in the stroma which are significantly changed during light-dark transitions. To date there is no detailed information available on the regulation of acetyl-CoA carboxylase located in non-photosynthetic tissue.
In comparison with the detailed knowledge reported for animal acetyl-CoA carboxylase relatively little is known about acetyl-CoA carboxylase isolated from plant tissue. The amino acid sequence of the biotin domains of several biotin-dependent carboxylases has been reported (Wood & Barden, 1977) and the sequence found to be conserved ALA-MET-BI0"-MET. With modern chromatographic techniques making it possible to isolate intact acetyl-CoA carboxylase from planet tissue, it would be of interest to gain some amino acid sequence data on the plant enzyme and to see if the sequence around the biotin domain is also conserved. 
